Health physics problems included design and construction of shielded and remotely operated Y 90 extraction equipment, equipment for preliminary animal experimentation, multipurpose containers for efficient and safe utilization of curie quantities of beta emitters, enclosures for dogs and monkeys during isotope infusion in the hundreds of millicurie range, and enclosures for longterm maintenance of these animals. ProviSion was made for simple decontamination and waste processing. An enclosure was designed to comfortably· house a human patient and the medical equipment for his treatment. This enclosure provides adequate shielding for the attending medical team, yet permits rapid access in case of a medical emergency. Methods were also developed to prevent spread of radioactive contamination following transfer of the patient to a pressurized reverse isolation hospital room.
... source, and (3) an air-scrubber system for clearing acid fumes containing radio- 
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Y 90 Enclosure
The Y 90 enclosure is arranged end-to-hack of the Sr 90 -Y 90 enclosure, and is connected to it by an "airlock" chamber which is accessible by tong from each enclosure. It is divided into a large and a small section by an internal 1/2-in. -thick lucite wall in which is a tong operated door. The large section, about twothirds of the total floor area, is used for make-up of assay aliquots, addition of the DTPA chelating agent, and preparation of the Y 90 -DTPA for final transfer. The smaller section is. used for filling the isotope transfer container.
This container (Fig. 3) is placed in the small section within its lucite primary transport shielding, and Tube 1 is passed through an aperture in the lucite wall into the large compartment. There it is fitted to a 30-cc capacity hydraulic pipette into which the desired quantity of Y 90 solution has been drawn. Lines Z and 3 are clamped. Line 4 is fitted to a syringe; upon withdrawal of the plunger and simultaneous depression of the control on the 30-cc hydraulic pipette, the y 90 solution is drawn into the jar. Lines 1 and 4 are heat-sealed and the isotope in its container is passed out of the enclosure. 
III. ANIMAL STUDIES
The use of radioisotopes in biological and medical research has been rapidly increasing from "tracer"-level quantities to curie quantities, presenting complex Health Physics problems. Major problems which confront the Health Physicist as well as the Bio-Med resear~r are the need for radiation protection and the absolute confinement of radioisotopes during long term studies on animals.
To achieve a controlled high total dose of radiation delivered internally, the researchers have developed a recirculation procedure in which fluids containing the isotope are pumped through a pressurized system. After eight hours (6-hour irradiation and 2-hour isotope removal periods) the animal is transferred to a completely enclosed metal animal cage, the holding enclosure. vertical sliding door in one end, as seen in Fig. 8 . The opposite end (Fig. 9) shows alterations for food and water pans and a 6-by 8-in. vertical sliding door.
On each side of the cage two apertures were cut to allow access with box gloves.
The gloves, shown clearly in Fig. 10 , are protected from the animal by 1/8-in.
m.etal shields. These are pivoted to the outside of the metal cage to allow semicircular travel. The glove port shields are controlled by a rod that protrudes t~rough the outer lucite enclosure. Hinged !rom the inside top of the cage is a "false 11 ceiling of 1/ 4-in. lucite with outside control, which can be lowered to restrain a monkey by squeezing it against one wall. The cage is supported on a 1-1/2-in. ~Jhoulder of the drain pan that forms the bottom of the outer enclosure.
The outer enclosure, constructed of aluminum framing and 3/4-in.
lucite, is essentially a 50 X 30 X 40-in. glove box for isotope confinement. It is equipped with eight 8-in. -diameter glove ports to give the researcher maximum freedom of manipulation. One end of the enclosure (Fig. 8) contains a 19-1/2-in.
by 14-1/2-in. plastic bag passout ring used in the transfer described above.
Following transfer of the animal, the end is closed by a double 0-ring doubleplastic-bag seal and the steel inner door is closed. A 1/4-in. plywood cover over the passout ring protects the plastic bags. The opposite end (Fig. 9 ) has a 7 ~in. by 9-in. vertical sliding lucite door allowing food and other supplies to be passed in.
The bottom of the enclosure is a sheet metal tray sloping 30 deg to solution is poured into a jug before it is connected to the drain pan by means of polyethylene sleeving. The process of removing and sealing such waste jugs is similar to that described for enclosure transfers. The liquid waste is moved to a waste processing area and solidified in the same container. It has been necessary to exchange the waste jugs about every five days. A quick-disconnect water fitting extends through the top to a short inside hose provided with a spray nozzle for cleaning the cage and watering the animal.
When no body radiation can be detected by direct survey, the animal is transferred to a long-term holding cage of approximately 45 cubic feet. This type of cage is extensively used by researchers at the University of California, Davis, California. ( 3 ) A push-in pull-out tray adapted to the front of the cage provides for feeding of the animals. A 30-gal drum in a secondary 55-gal drum is connected to the floor drains of c9ach of four raised units to facilitate rapid waste processing if, after assay, the waste is too contaminated to dump.
On occasion it has been necessary to decontaminate the body fur · of the animals. For this purpose a double -front liquid-proof glove box has been constructed, fitted with the same large passout ring used on the other units.
For washing, the animal is anesthetized and the previously described technique for transferring a highly contaminated animal from one enclosure to another is A gloved enclosure suitable for housing, a human patient was necessary.
)
The Health Chemistry Department of the Laboratory was called on to provide an enclosure which would meet the following requirements.
The enclosure had to provide a high-quality physical confinement for any radioactive fluids or dust, and provide reasonable shielding for operating personnel against the activity contained within. It would be operated at a negative pressure relative to the hospital room, and exhausted to the outdoors through high-efficiency filters to prevent release of airborne contamination. Every reasonable provision was to be made for the patient' s comfort during a 2.4-hour period. In particular, the enclosure was to be cheerful and light to prevent panic or claustrophobia. In addition, the enclosure was to be fitted with enough gbve ports to allow medical personnel to carry out all necessary procedures, including frequent blood and urine sampling within the enclosure, continuous electrocardiography, and monitoring of physiological parameters such as blood pressure and temperature.
Sufficie"'lt tube outlets, passin-passout apertures and auxilary enclosures were to be provided for all other procedures involved. The most complex procedures involved filtration and intraveneous recirculation of all the patient' s urine during the first 6 to 10 hours in the enclosure. This involved pumping high levels of radioactive liquid throughout a complex pressurized system, and the subsequent continuous collection of radioactive urine following the irradiation episode. Complete, rapid access to the patient was to be an absolute necessity in the event of a medical emergency. The apparatus was to be a self-substaining integral mobile unit to facilitate installation in, and removal from, a relatively crowded hospital environment.
With these requirements and limitations, the enclosure shown in Fig. 11 was constructed. This is a rectangular unit 7 ft long, 4 ft high, and Upon completion of the 6 to 10"-:-hour irradiation procedure, the patient · remains in the enclosure for an additional 15 to ZO hours, during which the body eliminates some 90-95"/o of the injected activity through the urine. During this period, urine is collected beneath the enclosure in polyethylene bottles that are shielded by a mixture of sawc;Iust and plaster of paris.· Radiation from.the first six urine collections, spanning a 1 Z to 15-hour period, has ranged from Z to S R/h to 150 mr/h at 1 foot unshielded.
Following this 15 to ZO-hour period, the patient is transferred from the enclosure to a conventional hospital bed. Due to the increased susceptibility of the patient to infection after irradiation, a "reverse isolation" approach is mandatory. To maintain such an environment the room is hermetically sealed, except for the door, and is pressurized through an absolute filter. Constant room temperature is maintained by an industrial type air co.nditioner.
Typical measurements at the time of transfer have shown from 40 to 100 mr/h over the patient's head and chesti radiation levels less than those 131 seen in patients who have received the well-known therapeutic doses of I for metastatic disease of the thyroid. Because of the pressurized environment, it is nece.ssary to control ·contamination release from excreta such as urine, feces, perspiration and saliva. All eating utensils are disposable. All laundry is monitored and the contaminated items are segregated for decay. For the first few days, the researchers require 100% body-waste collection in order to account for all of the injected isotope.
Experience to date has shown that after two to six weeks no radioactivity can be detected in the patient. During this time, because the patient is vulnerable to infection, the number of people entering the room has been held to an ab~olute minimum.
It also happens that untrained personnel must often perform such traditional health-physics tasks as changing filters on air-sampling devices, bagging waste, taking swipes for contamination assessment11 and making direct body surveys of the patient. This has proved entirely feasible after only nominal training.
The results have shown that curie levels of radioisotopes can be administered to human patients by means of these techniques and procedures, .
with reasonably low radiation exposure to the medical team and no detectable contamination being spread to the hospital environment.
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